Abstract: This study investigates the impact of seasonal variation on the chemical composition of essential oils from the leaves of Porcelia macrocarpa (Annonaceae) obtained over the course of one year (January-December 2011) and the chemical composition of the essential oils obtained from the ripe fruits of the same plant. Furthermore, the essential oils of the leaves were investigated with respect to their antimicrobial activity. The essential oils of the leaves contain a mixture of monoterpenes, one diterpene and several sesquiterpenes. The main components were identified as the sesquiterpenes germacrene D (29%-50%) and bicyclogermacrene (24%-37%). No significant variation was observed for the composition of the essential oil of the leaves over the course ofthe year, except for the month of November, when the ripe fruit were collected. In this month, substantially decreased concentrations of germacrene D (28.8 ± 0.8%) and bicyclogermacrene (23.9 ± 0.6%) were measured and the emergence of spathulenol (10.4 ± 0.2%) was observed. The essential oils extracted from the ripe fruit revealed the presence of a variety of monoterpenes, sesquiterpenes and hydrocarbons. The main constituents of these oils were neryl (8.8 ± 0.2%) and geranyl (27.3 ± 0.7%) formates, γ-muurolene (10.3 ± 0.9%) and dendrolasin (8.23 ± 0.06%). The antimicrobial activity of
Introduction
Porcelia macrocarpa R.E. Fries (Annonaceae) is a tree found in the forest regions on the Atlantic coast and in the interior of Brazil [1] . The chemical composition of various parts of P. macrocarpa has already been the subject of several scientific studies. High contents of acetylene acetogenins were found in the extracts from seeds [2] , while several amides, lignanamides, and alkaloids were isolated from branch extracts [3] [4] [5] . The branches also contained several interesting polar compounds, such as flavonoids, trimethylamonium salts and amino acids [6] . Essential oils extracted from the leaves were analyzed by GC/MS which allowed the identification of nine individual components, of which bicyclogermacrene (27.5%) and germacrene D (37.8%) were the major components [7] . A desirable cytotoxic activity against human tumor cells was observed for these essential oils [8] .
Essential oils are not only used in several therapeutic applications of folk medicine, but they also form part of a variety of modern pharmaceutical remedies [9] . However, a meticulous qualitative as well as quantitative analysis of these essential oils is of the utmost importance, since the quality of the macroscopic remedy is highly sensitive towards several factors, e.g., climatic conditions, the chemo-and biotype as well as the phenology of the plant [10] . Important biological activities have already been reported for essential oils of several species of Annonaceae [11] and our group has investigated the composition and biological activity of essential oils obtained from several other Brazilian plants [12] [13] [14] . The promising results of these studies encouraged us to examine the influence of the seasonal variation on the chemical composition of the essential oils of the leaves of P. macrocarpa. Furthermore, we were interested in a comparison between the chemical composition of these essential oils with the chemical composition of essential oils obtained from the ripe fruits of the same plant and an examination of the antimicrobial activity of leaves oil.
Results and Discussion

Microclimatic Factors
Generally, the temperature pattern for Sao Paulo city can be divided into two periods: a colder period from ca. April-October and a warmer period from November-March. The precipitation pattern is inversely proportional to the temperature profile and minimum rainfall can usually be observed between the months of April-September. The temperature for the collection period of 2011 (see Figure 1 ) basically follows these temperature/precipitation averages, except for August 2011, which was unusually hot, and June 2011, which showed unusually high precipitation [15] . For the collection period of the leaves of P. macrocarpa, the average temperature of the warmer period (January-April and November-December) was 22.2 °C. The average temperature of the colder period from May-October was 16.7 °C. The precipitation pattern showed a maximum around December-February (monthly average of 150 mm) and a minimum around May, July and September (average of 10-20 mm).
Extraction Yields of the Essential Oils from the Leaves of P. macrocarpa
Essential oils were extracted from the leaves by hydro-distillation as described in the Experimental section (Section 3.4) and the extraction yields are summarized in Figure 2 . We found that extraction yields of essential oils from the leaves of P. macrocarpa are subject to seasonal changes, reflected in high yields obtained during the months of April (0.07 ± 0.04%), June (0.08 ± 0.02%), August (0.07 ± 0.01%) and September (0.07 ± 0%). Interestingly, the extraction yield decreased in November (0.03 ± 0%), which typically coincides with the month of fructification for this species. An impact of environmental factors on the yields of essential oils was also observed for several species such as Rosmarinus officinalis [16] , Mentha suaveolens [17] , Satureja horvatii [18] , and Baccharis trimera [19] . The influence of several other climatic factors such as temperature and pluviometric index onto the extraction yield also needs to be taken into consideration [10] . For example, the observed precipitation during January and February was significantly higher compared to the other months of 2011. In contrast to that, the temperature remained relatively constant over the course of the study, except for the months of May, June and October. As shown in Figure 2 , the maximum oil yields were obtained around June and minimum yields were obtained in December/January. This would suggest an inversely proportional relation between oil extraction yields and the temperature and precipitation pattern. Similar findings have been reported by Gazim et al. [20] , who showed that the amount of several volatile compounds produced by Tetradenia riparia (Lamiaceae) were affected by temperature, humidity and rainfall changes over the course of different seasons. Moreover, Lago et al. reported that the relative amounts of essential oils from the leaves of Pittosporium undulatum could be better correlated to microclimatic parameters such as temperature and precipitation index, than to the phenology of the studied species [21] . The yield of essential oils from the fruit of P. macrocarpa, obtained during November 2011 was 0.05 ± 0.01% and is comparable to the average yield (0.06 ± 0.02%) obtained from the leaves (see Figure 2 ). 
Chemical Composition of the Essential Oils Obtained from the Leaves and the Ripe Fruit of P. macrocarpa
The crude essential oils obtained from the leaves and the ripe fruits of P. macrocarpa were analyzed by GC (DB-5 capillary column) and GC-MS. Individual compounds were assigned according to their Kovats indices in conjunction with a comparison of the experimentally obtained mass spectra to those described in library (NIST 107) and in the literature [22] . In the essential oils of the leaves, nine individual components were observed and identified as verbanyl acetate (monoterpene), α-copaene, iso-longifolene, β-cedrene, α-guainene, germacrene D, bicyclogermacrene, and spathulenol (sesquiterpenes) as well as phytol (diterpene). The main compounds were germacrene D (28.8 ± 0.8%-49.6 ± 0.7%) and bicyclogermacrene (23.9 ± 0.6%-36.8 ± 0.5%). The sum of these nine components accounted for between 66.6 ± 0.1% (November) and 91.1 ± 0.6% (April) of the total oil content (see Table 1 ). The overall composition was similar to previously described samples [7, 8] . A significant decrease (p < 0.05) of the relative amounts of germacrene D (28.8 ± 0.8%) and bicyclo-germacrene (23.9 ± 0.6%) was detected during November 2011, concomitant with the 
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Month of collection emergence of spathulenol (10.4 ± 0.2%), which could not be detected in any other month. As reported by Bülow and Köning, the presence of spathulenol and the reduced amounts of germacrene D and bicyclogermacrene could be partially explained by biochemical factors, such as the enzymatic oxidation of the latter compounds to form spathulenol [23] . This process could therefore be related directly to the phenology of P. macrocarpa, since it coincides with the end of the fructification period. However, it is worth pointing out here, that during the sterile period, the relative amounts of germacrene D and bicyclogermacrene were also non-constant (67 ± 7% in February to 84 ± 2% in April), which could be attributed to microclimatic factors, e.g., temperature and precipitation [24] . As shown in Table 1 and Figure 2 , the sum of relative proportion of both sesquiterpenes was lower in January, February and December (71 ± 7%, 67 ± 7% and 78.9 ± 0.7%, respectively) compared to the other months. For these months, relatively high precipitation values (14-18 mm) and temperatures (23-24 °C) were observed. These observations suggest an influence of these microclimatic factors on the production and/or accumulation of germacrene D and bicyclogermacrene in the crude essential oils.
The essential oils from the ripe fruit consisted of 65 individual components (Table 2) , which accounted for 99.6 ± 0.9% of the volatile components. The dominant compounds were monoterpenes (ca. 45%), especially neryl (8.8 ± 0.2%) and geranyl (27.3 ± 0.7%) formates. Other major fractions consisted of sesquiterpenes, such as γ-muurolene (10.3 ± 0.9%), δ-cadinene (2.44 ± 0.03%) and dendrolasin (8.23 ± 0.06%) as well as hydrocarbons such as hexacosane (6.02 ± 0.06%) and heptacosane (2.13 ± 0.06%).
Antimicrobial Activity
Several species of the Annonaceae are known to produce essential oils which display antimicrobial activity, e.g., Annona vepretorum [25] , Duguetia lanceolata [26] , Guatteriopsis blepharophylla, G. friesiana, and G. hispida [27] . In order to determine the antimicrobial activity of the essential oils obtained from the leaves and the ripe fruit of P. macrocarpa, the minimum inhibitory concentration (MIC concentration range: 0.003-1.0 mg/mL) was ascertained for the prokaryote and eukaryote microbes. No biological activity could be observed for the essential oils obtained from the fruit, since no inhibition was detected at 1.0 mg/mL. The essential oils from the leaves (collected in January 2011) however, displayed significant biological activity towards all four Cryptococcus strands tested. No biological activity was detected for the prokaryotes tested as well as for the several Candida spp. or S. cerevisiae. The most sensitive strand is C. neoformans serotype D, which exhibited a growth inhibition rate of 85% at a dose of 0.06 mg/mL essential oil (see Table 3 ). Another clinically very important strain is C. neoformans serotype A, which accounts for most of the cases of cryptococosis found among immunosuppressed patients. The essential oils of the leaves showed an inhibition rate of 80% against this strain for a dose of 0.5 mg/mL essential oil. The remaining strains of C. gattii serotypes B and C are pathogens, which usually affect immunocompetent patients, and required higher concentrations of around 1.0 mg/mL essential oil in order to cause inhibition rates of 98% and 61%, respectively. C. gattii presented a lower inhibition at the maximum concentration tested and not the traditional 80% inhibition, however, we found important to report this result. The observed MICs for all four strains were in accordance with literature values [28, 29] , suggesting a high accuracy of the assay. Fluconazole was used as positive control. In addition to the desirable antimicrobial activity, previous reports have also reported a beneficial antifungal activity for some monoterpenes, diterpenes and sesquiterpenes (especially germacrene D and bicyclogermacrene), which were found in the essential oils of other plants [30] [31] [32] [33] . For example, Cabral et al. showed that germacrene D, the main compound in Vitex rivularis oil, displayed a significant activity against dermatophytes [34] . Bicyclogermacrene and α-copaene have moreover been associated with an antifungal activity, mainly in studies involving the genus Candida and dermatophytes [31, [34] [35] [36] [37] . To the best of our knowledge, there are no reports in the scientific literature describing the activity of the essential oils (or their main components) of the leaves of P. macrocarpa against C. neoformans and C. gattii, which cause fungal meningitisin immunocompromised as well as immunocompetent patients [38, 39] .
Experimental
Chemical Reagents
All solvents used were of analytical grade and purchased from CAAL (São Paulo, Brazil). Linear n-alkane (C 8 -C 20 ) reference standards, as well as all culture media and standard antibiotic discs of fluconazole and chloramphenicol were obtained from Sigma-Aldrich Chemical Co. (St. Louis, MO, USA). All other chemicals were purchased from Merck (Darmstadt, Germany), except for hygromycin B, which was obtained from Invitrogen (Carlsbad, CA, USA).
Microclimatic Factors
Temperatures were measured in situ with a digital Pocket Weather Meter Kestrel 3000 (Nielsen-Kellerman, Boothwyn, PA, USA). Precipitation values (in mm) were measured during each period of collection (from 12th to 18th day) using a pluviometer, which was custom-made in our laboratory.
Plant Material
Leaves of P. macrocarpa R.E. Fries (Annonaceae) were collected randomly from three individual trees in the Jardim Botânico de São Paulo (São Paulo, SP, Brazil) at 12 a.m. on the 15th day of each month (January to December 2011). Ripe fruit samples were collected from the very same trees on 15th November, 2011 at 12 a.m. Reference specimen were deposited at the herbarium of the Instituto de Botânica (São Paulo, Brazil) and compared with those under reference SP76791. Samples of the crude oils are available from the authors.
Hydro-Distillation of the Essential Oils
Each batch of fresh leaves or fruitsamples from P. macrocarpa was hydro-distilled for four hours in a Clevenger type apparatus [21] . The essential oils were extracted from the aqueous fraction using CH 2 Cl 2 (3 × 5 mL). The combined organic fractions were subsequently dried over anhydrous Na 2 SO 4 , before the solvent was evaporated and the oil was stored at 4 °C in the absence of light. CFU (bacteria) per well. The concentration was confirmed by viability counts on YEPD and LB plates. Nine dilutions of essential oils and reference standards were used (two-fold serial dilutions). A negative sterilization control, containing medium only and a positive growth control, containing cells and 10 μL DMSO (100% growth) were also included. Microtiter plates were subsequently incubated at 30 °C for 24 or 48 h, respectively. Finally, the absorbance at 530 nm was measured in a plate reader (Epoch, Bio-Tek, Winooski, VT, USA). The threshold for the MIC was set at a minimum of an 80% growth inhibition. All tests were performed in triplicate in 100 µL of reaction volume. The concentration range for the essential oils of the leaves ranged from 0.003-1.0 mg/mL. Fluconazole and chloramphenicol concentrations ranged between 0.0007 and 0.05 mg/mL and 0.00312 and 0.400 mg/mL, respectively.
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Conclusions
A great benefit of this study is the characterization of the composition of the essential oils of the leaves and ripe fruits of P. macrocarpa. The biological activity documented in this study should be of great pharmacological interest, since the major components of the essential oils may now be tested individually against both species of the Cryptococcus genus, which continue to cause life-threatening diseases and demand new potent antifungal drugs in order to allow effective treatment.
